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INTRODUCTION
Information on the behavior of plant-species populations comes from two main sources: observation of natural patterns and experiment. In a complex ecosystem where much experimentation is impractical, the onus for our plant ecological knowledge often rests with the analysis of vegetational patterns already visible in nature.
There is considerable evidence that a few environmental gradients (often composites of a number of variables) relate to quantitative changes in the population characteristics of many species (e.g. Bakuzis and Hansen 1960 , Maycock and Curtis 1960 , Loucks 1962 , Waring and 'Major 1964 . Thus, the relations among many species populations may be summarized in terms of a few underlying variables. However, the environment is often more difficult to sample than the vegetation and there may, in addition, be some uncertainty about what variables should be related to the population characteristics being studied. In such a case, the vegetation itself may be ordered according to compositional relatedness among samples (vegetational ordination of Austin 1968 , indirect gradient analysis of Whittaker 1967) . Other attributes of the ecosystem (the physical environment, succession, disturbance) can later be compared with this pattern to search for correlated features.
Principal components factor analysis (Dagnelie 1960 , Orloci 1966 ) and analogous but simpler procedures, such as the Wisconsin methods (Bray and Curtis 1957 , Beals 1960 , Newsome and Dix 1968 , are currently and frequently used techniques of vegetational ordination. However, since no two sets of ecological data are alike, it seems unlikely that vegetational ordination can be equally effective for all sets of data to which it is applied (Williams and Dale 1962 , Dix and Smeins 1967 , McIntosh 1967 , \Vhittaker 1967 , Swan, Dix, and Wehrhahn 1969 . In fact, Greig-Smith (1964) suggests that factor-analysis ordination may be most useful when applied to a narrow range of the vegetational and environmental spectrum available for study.
Attempts to evaluate this type of ordination for the display and interpretation of vegetational patterns have been largely based on analyses of natural data (e.g., Gittins 1965a , b, Gimingham, Pritchard, and Cormack 1966 , Orloci 1966 , Goff and Cottam 1967 , Bannister 1968 . However, relational patterns among many species in an area are obscured by chance circumstances, by local environmental effects, and by sampling errors. The value of ordination is hard to determine when the true character of the data is only partially known.
There is an alternative and hitherto little explored approach to evaluating ordination. A systematic appraisal of potential difficulties might be made from available studies. Species population characteristics thought to he critical to the success of ordination might then be simulated in vegetational models. When ordinated, the display of species interrelations might be compared with that from which it is derived to determine if the ordination patterns deviate significantly and in what way from the original patterns. As a step in this direction, Austin and Greig-Smith (1968) have recognized the importance of the character of the data matrix in phytosociological analysis. They have also observed differences in ordinations of artificial data previously transformed in various ways.
The specific aim of this paper is to use simulated data to indicate ways in which the interlocking trends of species behavior along gradients are de- Ecology, Vol. 51, No. 1 picted by vegetational ordination in metric space (term after Orloci 1968b) . THE PROBLEM Some uncertainties about the function of ordination can be traced to the matrix construction methods that precede it. Based on available studies, an appraisal of some of these difficulties is possible.
For Wisconsin ordination (Bray and Curtis 1957 , Beals 1960 , Swan, Dix, and Wehrhahn 1969 the difference between the quantitative values for a species in two stands is a single test of compositional relationship between the stands. An ecological distance between these stands is calculated from the quantitative differences for all species. If these distances have ecological meaning, they should increase as the species composition and environment of two stands become increasingly different. Yet there are two characteristics of phytosociological data that may prevent this.
First, Lambert and Dale (1964) point out that quantitative data are truncated; numbers can be recorded to represent the degree of presence for a species, but there is no corresponding measure of the degree of absence for an unrecorded species. Hence, a species may contribute to the calculation of ecological distance in only a limited part of the data set since it is elsewhere represented by zeros between which no distance can be calculated. In fact, when 2w/a + b similarities are calculated among samples distributed along a gradient, they drop to zero when the distance along the gradient has increased to the point where no two species are shared by the samples compared (Whittaker 1967) . Zeros occur abundantly in boreal forest (Swan and Dix 1966) and prairie data (Dix and Smeins 1967) , and all vegetational data are semiquantitative in some degree. The effects of zero values on distance calculations may have been underestimated. Second, species having their peak values at the ends of a sampled gradient are represented by "S-shaped" curves (values decrease in one direction only), while species with peaks progressively closer to the center of the gradient have increasingly evident and more complete "bell-shaped" curves (values decrease in both directions from the peak) until, about the center, the entire gradient distribution of a species may be encompassed by the measured gradient. For convenience, the terms S-shaped and bell-shaped will be used to categorize species-response curves throughout the paper. If stands have the same species values on opposite sides of a bell-shaped response curve, the stands are at different points in ecological space, yet the species cannot contribute to a calculated ecological distance between the stands. In such a situation only S-shaped curves permit the calculation of interstand distances that increase as the population changes. Now, as the range of gradient included in a study increases, each species is expected to occupy a progressively smaller part of the total gradient length. Thus, as samples are taken from a larger range of gradient, a larger number of species will probably have their modes between the extremes of the gradient as sampled. The proportion of species with S-shaped slopes decreases in the total set of species, while the proportion with bellshaped curves increases (Whittaker 1967) . Thus, for any data set, interstand distances are less likely to increase in proportion to population changes as the length of the sampled gradient increases, because this increase is accompanied by an increase in the number of bell-shaped curves. Since the bell-shaped curve has a sequel in n-dimensional space (the n-dimensional binomial solid, Whittaker 1967), the same problem is expected in the construction of multidimensional models.
It is reasonable to expect that stands known to occur in distinctly different habitats may not be separated by ecological distances commensurate with their environmental differences. In fact, for a set of grassland data from Nelson County, North Dakota, Dix and Smeins (1967) note that species were obviously disposed along a moisture gradient, yet calculated distances between the vegetations of stands did not increase in proportion to increasing distance along the gradient.
For factor-analysis ordination, coefficients of correlation are usually preferred (Whittaker 1967 ) to summarize population relations in a matrix. Here too there are difficulties. Data containing bell-shaped curves may have unfavorable implications for factor analysis because, as for the ordination of distances, the method is theoretically based on the assumption of linearity (Whittaker 1967) . Also, species for which quantitative values occur in limited and different parts of the total data set, may appear to be uncorrelated in their behavior although they both respond to the same environmental gradient. Thus, in as much as they influence correlation and variancecovariance matrices, zero values and bell-shaped curves may prevent ordination by factor analysis from clearly illustrating population patterns. Whittaker (1967) notes that the illustration of vegetational patterns by ordination may be regarded as a sufficient aim for the procedure. However, it seems that a major objective of ordination should be the illustration of population patterns in a form that can be related to vegetational processes or other features of the ecosystem. To relate ordination patterns to changes in environmental variables, we must know how the environmental trends are to be recognized in the ordination diagram. It is tacitly acknowledged that spatial distances between stands should increase as their ecological relationships become more remote. Yet, species behavior patterns may obstruct such a relationship. Perhaps, in some cases, vegetational ordination may not provide a simplified model of species population patterns that will also have interpretive value.
To examine this problem I first tried to assess how ecological distances in an ordination reflected compositional differences in sets of artificial data. Then, because correspondence was frequently poor, ways were sought in which ordination patterns might be made to provide a clearer representation of vegetational interrelationships. The two analyses are treated separately since specific methods and results pertain to each. ECOLOGICAL DISTANCE AS A MEASURE OF COMPOSITIONAL DIFFERENCE Methods Vegetational models.-Because of natural complexity, models constructed to represent natural data are likely to approximate reality most closely if they are multidimensional. However, unidimensional models include, in simplified form, many species population characteristics of multidimensional models. Thus, where overlapping population curves are arranged along a gradient, each species is located in a part only of the total gradient. This simulates the complex series of interlocking population patterns in multidimensional space. Zero values and bell-shaped curves along a single gradient both have a sequel in multidimensional patterns, and both are thought to cause problems in the construction of complex abstract models by ordination. Ordinations of unidimensional models may provide some insight into the limitations of ordination for more complex vegetations. Such models offer the simplest possible sets of test data and were therefore chosen for this study.
Bell-shaped curves and zero values are critical characteristics that may prevent distances between samples in an ordination from increasing in linear proportion to species population changes. If possible, the way these characteristics vary among different sets of natural data should be simulated.
Depending on the scope of a study, natural data vary from the almost entirely quantitative, where a limited range of vegetational composition and environmental variation is involved (considerable overlap in population patterns among species), to a state in which the vegetation and environment are so disparate between samples that much information may be obtained from a purely qualitative analysis (little overlap in population patterns among species). All data to be ordinated fall somewhere within this spectrum. A broadening of the spectrum of vegetational composition associated with an increase in the sampled length of a gradient involves an increase in zero values and in the ratio of bell-shaped to S-shaped curves. Here, the aims of simulation can be narrowed to the construction of a series of single gradient models representing data that vary from the almost entirely quantitative to the highly qualitative with concomitant changes in the two critical characteristics. Next, the way in which these critical population characteristics are to be included in the models must be decided.
In natural data it is expected that species will vary in their ubiquity across a gradient as well as in the maximum quantitative value they achieve. Also the nature of the response curve-sometimes uniformly bell-shaped, sometimes U-shaped, often skewed, sometimes so poorly developed as to be unrecognizable-will vary among species within a single data set. The possible combinations of such features vary from one data set to the next. Since the study is a preliminary attempt to evaluate the effects of zero values and bell-shaped curves on ordination, it seemed inadvisable to introduce these sources of variability at this stage. Hence, I decided that for each model, all species should have identical bell-shaped response curves with the same maximum value and potential range across a gradient and that the peaks of these curves should be located at equidistant points along the gradient.
Zero values and bell-shaped curves both change in number simultaneously as the gradient length increases. To separate their effects for independent appraisal, the models are built in two stages. First, five models are made, each with the same number of species but differing from each other in the total range of gradient occupied by the species curves. In this way, five sets of data with different degrees of species overlap along the gradient (and consequently different numbers of zero values) can be derived and their effects on ordination examined. Second, variations in the ratio of bell-shaped to S-shaped curves can be added to these models so that the additional effect on ordination of changes in this ratio can be observed. The details of model construction are described with Fig. 1 to illustrate the process.
A series of S-shaped species population curves are drawn to extend different distances along a gradient as in Fig. 1A . In this diagram the abscissa is the hypothetical gradient and the ordinate, a scale of importance values between zero and 100. Curve I extends the complete length of the gradient, while curves II, III, IV, and V extend 34, 12, 14, and '8 of the gradient length, respectively. For each importance-value (species population) curve the upper and lower portions (above and below 50) have the same form, changing more rapidly about 50 and less so approaching the extremes of 100 and zero.
Second, five models (I to V) were constructed, each based on one only of the species curves, after the plan illustrated in Fig. 1B . This diagram illustrates the construction of the model based on curve III. All other models were developed in the same way. As before, the hypothetical gradient is established on the abscissa while the ordinate is a species importance scale between zero and 100. A decision had to be made about the number of species curves to be included. There were no a priori grounds for selecting a particular number of species. It seemed reasonable to choose a number large enough that it might fall within the range of the number of species commonly analyzed in natural data, yet small enough that it would not offer excessive computational problems in later analysis. Twenty-one equidistant points were arbitrarily chosen to represent the peaks of 21 species curves along each gradient. For all 21 species these points are marked by solid, inverted triangles along the top of the diagram in Fig. 1B . The Sshaped curve III in Fig. 1A and its mirror image were combined to produce a symmetrical bellshaped curve for each species. For simplicity, the completed curves for five only of the 21 species in model III are illustrated in Fig. 1B .
Next, I simulated the increase in bell-shaped relative to S-shaped curves that occurs as sampled data are drawn from a progressively wider range of the available spectrum. Of the available models, I and V represent the narrowest and broadest limits of the spectrum respectively. When species populations overlap widely (model I), a larger number of species with their modes outside a gradient segment can enter the segment as S-shaped curves than when there is little species overlap along the gradient (model V). If such species are added, the ratio of bell-shaped to S-curves will be lower for model I than for model V. This accords with Whittaker's statement (1967) that the proportion of species with S-shaped slopes decreases in the total set of species, while the proportion with bellshaped curves increases, as samples are taken from a larger range of gradient.
For models I and V the ratio of bell-shaped to S-shaped curves was altered by extending the gradient beyond the measured portion; by drawing curves for species peaking along the added segment at the same intervals as those within the measured gradient; and by recording the portions of these curves that entered the measured gradient. For model I, 38 species slopes were added in this way (19 at each end of the gradient). For model VT only four were needed to complete the sequence (two species slopes at each end of the gradient). The additional models are termed I' and V', respectively.
Samples taken from very narrow ranges of gradient may have a lower ratio of bell-shaped to S-shaped curves than represented in model I'. The present range has been chosen for this initial studs7 because many natural data so far examined seem to include many species with modes within the sampled composition.
\While the models do not represent the array of complexity found in some natural data, they do incorporate two key population characteristics thought to interfere with a clear display of relational patterns by ordination.
Samnapling and analytical procedures.-In studies of natural vegetation, a sample or stand is an arbitrarily bounded area within which the vegetation and habitat are sufficiently uniform that the stand may be used as a vegetational unit to be compared with others (similarly bounded) in the search for relational patterns in populations. As many stands are sampled as the observer considers necessary to cover the variety in the compositional attributes
he is studying. This procedure has been employed to sample the hypothetical vegetation models. Forty-one stands were used to sample each model. This number was arbitrarily judged to be large enough to permit an adequate sample of vegetational patterns yet small enough to avoid excessive computation in subsequent analysis. To sample each model, the stands were placed at equidistant intervals along each gradient (Fig. 1B) , and the species values were read from the points on the appropriate curves directly above the stand locations. For each model, importance-value data for all species were summarized in a table. The overlap of species populations decreases in models I through V causing the number of species per stand to decrease correspondingly, from 21 to three. A small number of species per stand is not regarded as a model weakness, because ordinations have sometimes been applied to natural data with few species per stand.
The model data are to be used for two specific purposes: 1) to show how the calculation of a matrix of compositional relationships varies with differences in the critical characteristics of the models; and 2) to determine how this variation affects the representation of the vegetational models by abstract ordination models.
A multiplicity of vegetational ordination procedures are available. Bell-shaped curves and zero values are thought to adversely affect matrix-construction procedures for any ordination method. Ideas derived from the test of a single matrix-construction and ordination procedure on the models should suggest difficulties with and ways to evaluate the other procedures.
A relatively simple and mathematically precise method for the ordination of distances is available (Swan, Dix, and Wehrhahn 1969) . It avoids the distant stand criterion and the obliqlue axes of the Wisconsin method. The euclidean distance index (Sokal and Sneath 1963, Orloci 1966 ) is appropriate for the matrix calculation preceding ordination by this technique. Both stand and species ordinations (the latter introduced bv Gittins 1965b) can he accomplished by this combination of matrix construction and ordination. Stand ordination has been most widely used to date and was adopted here.
For each set of data a matrix of compositional relationships between stands was constructed using the euclidean index:
where i and j are stands with species scores (X1i . . . Xni) (X11 . . ., Xni) and dj is the calculated distance between stands i and j. Each matrix was ordinated by the procedure of Swan, Dix, and Wehrhahn. All calculations were done on an IBM 3600 digital computer.
Results The results are presented in three parts. These treat the effects on distance calculation and ordination of (1) differently overlapping species populations along a gradient and (2) different ratios of bell-shaped to S-shaped curves along a gradient. The third part draws together the conclusions of these analyses.
The effects of differently overlapping species populations.-Ordination patterns can approximate the patterns in a model only if distances between stands calculated from vegetational characteristics match distances measured between the same stands on a gradient. In experimental terms, an increase in the number of intervals between stands along the gradient should be paralleled by an increase in the calculated distances between them. For each model there are 1,640 calculated matrix distances. However, the distances in each matrix diagonal are calculated between stands separated by the same interval, and each diagonal represents a different interval. The average diagonal values conveniently summarize the relations between all possible gradient intervals and corresponding calculated distances. For each matrix there are 40 such comparisons, the points of which describe a curve when plotted on a graph with increasing intervals along the abscissa and the corresponding calculated distances on the ordinate. In all cases the points described a curve so closely that, for simplicity, only the distanceinterval curves from all models were summarized in Fig. 2 .
The number of quantitative entries in the original data expressed as a percentage of the total number of entries gives, for each model, some idea of the range of gradient occupied by quantitative values for each species (degree of species overlap along a gradient). Through models I to V these values decrease as: 99.8, 91.6, 71.9, 40.8, and 20 .6% of the number of entries in each data table.
If calculated and gradient distances exactly correspond, a linear plot should be obtained for each model. As expected, this is nowhere obtained. The curve for model I (99.8% quantitative values) most closely approximates a line, but gradually deviates from it as the greatest number of intervals between stands on the original gradient is approached. Curves for models II (91.6%o) to V (20.6%o ) are progressively further from a straight line. Indeed, in models IV (40.8%) and V there is an abrupt change in the curve beyond which there are no further increases in calculated distances for increasing gradient intervals. Finally, for models II to V, the calculated distances actually decrease as the maximum number of gradient intervals between stands on the gradient is approached. Clearly, a decrease in population overlap is accompanied by a progressively poorer representation of population changes through distance calculation.
Ordination arranges stands in space according to their calculated interstand distances, and the foregoing results indicate that these distances do not always increase in proportion to changes in species populations. This must surely affect the spatial disposition of stands derived by ordination. For example, a stand at an intermediate location on the gradient may be separated from stands at both ends of the gradient by ecological distances together greater than the calculated distance directly measured between the end stands. In this event a single axis cannot represent the distances between the three stands, but a triangle with the distances as sides might describe their relations. This is a two-dimensional pattern suggesting that the original gradient may be represented in more than one dimension by ordination and that a multidimensional ordination might be appropriate for the analysis. A three-dimensional ordination was applied to each data matrix.
Deviations from a linear stand order in the ordinations of models I to V can reasonably be attributed to the manner in which calculated distances reflect ecological differences. Yet, I wished to ensure that such deviations could not be due to the ordination procedure itself. Forty-one stands (the number used in all models of the present study) were ordered at equidistant points on a line, and the exact distances between each and every stand were measured and recorded in a matrix. Upon ordination, a linear order of stands was obtained duplicating that of the original.
The ordinations of models I to V are illustrated in Fig. 3 . For each ordination, stand distributions on the X, Y, and Z axes are summarized in a perspective diagram. The X and Y axes form a plane. Its front edge is the X axis while the Y axis is at the side. The Z axis elevates and depresses stands above and below the plane. To simplify the diagrams, alternate stands have been omitted (ordination patterns are unchanged by this omission) as well as axis scales (all axes are on the same relative scale for each ordination). For model I, stand order along, the X axis is identical with that of the original gradient but it is distorted into two dimensions. In successive ordinations (I through V) the X-axis order is progressively less like that of the original models, and the distortion into two dimensions becomes more pronounced and ultimately extends significantly into three dimensions (models III, IV, and V). Hence, with decreasing overlap of species populations the ends of the gradient are drawn together by ordination and the whole gradient becomes progressively harder to detect. This loss of visual value for ordination is accompanied by a progressively poorer representation, through models I to V, of the distance values in a matrix. A simple test of this is the sum of s(Itlares of stand positions on an axis expressed as a percentage of the total matrix sum of squares (Swan, Dix, and Wehrhahn 1969) . These percentage extraction values are recorded for each ordination in Table 1 .
The ordination technique is designed to extract axes in order of decreasing importance. A 100% extraction value for the X axis would represent a completely effective ordination. In fact, the highest extraction value achieved for an X axis is 85%o for the ordination of model I. The amount of matrix information extracted by the X axis decreases and the amount taken out by subsequent axes (Y and Z) increases from model I to V. In model V each of the three axes extract approximately the same amount of information from the matrix. This change is also paralleled by a decrease in the total percentage extraction for all three axes. In model V less than half of the matrix sum of squares is extracted by the ordination. A complete extraction of the matrix for this model would require many more axes than those presented here. As species populations overlap less and less on a gradient, there appears to be a loss or "drift" of information from the first to subsequent axes tending towards an even distribution of information among many axes. A low and even distribution of information among many axes might be expected where there is no gradient with which the performances of many species are correlated, a situation where ordination would be of little use. This seeming lack of speciesgradient relationships is obtained from models each having a single linear gradient along which all species populations change in sequence. The effects of different ratios of bell-shaped to S-shaped curves.-Models I' and V' differ from models I and V since they both have a lower bellshaped/S-shaped curve ratio. To show the effect of the changed ratios on matrix construction, calculated distances between stands along the gradient are compared with the corresponding gradient intervals for all four models (Fig. 4) . This figure was prepared in the same way as Fig. 2 .
The curves for model I and I' differ little. The 38 added S-shaped species curves in model I' increase the short as well as the long distances. This may occur because the added curves for species peaking beyond the measured segment of the gradient can extend only part way across the mea- Corresponding interstand distances were measured along hypothetical gradients (abscissa). Each curve in the diagram is a comparison of calculated and measured distances for one hypothetical model of species responses along a gradient. sured segment. Zeros are introduced into the data between stands falling beyond the response curves of the added species, and these cannot contribute to distance calculation. Alodels V and V' have identical curves except for the drop at the end of the curve for V which is not observed for V'. Since the sole difference betwenN teetv models is the occurrence of four extra S-shaped species culrves in model V' (trio at each end of the gradient ), the fall in the curve for model V~ is thotlglt to restllt from the exclusion from the sampled gradient of species peaking beyond it that yet have a part of their response curs es w ithin the gradient. Similar falls in the curves for models II, III, atld IV (Fig. 2) may perhaps be explained in these terms. For model IV the sequence of species curves within the gradient weas extended beyond its confines, and S-shaped curves Wvere added for species entering the gradient but faith their modes beyond it. Eight species Wvere added and the distance-interval curve for this model woas compared with that for model IN' and found to be identical except that it too remained horizontal at the extreme values-an analogous result to that derived from comparing V and If'. Thus, if the number of S-shaped species curves is less than might be expected from the degree of overlap of species along the gradient, distances calculated between stands separated by considerable distance on the gradient of the original model may be less than those calculated between somewhat more adjacent stands.
Ordinations derived from models I' and V' were almost identical with those for the original models I and V and, for this reason, are not illustrated. Indeed this is to be expected since the distance matrices for I and I' and V and V' are much the same in character (Fig. 4) . However, the ordinated stand positions for model I' were not quite as "bowed" as in model I, especially at ends of the gradient. This slight difference is reflected in the percentage extraction values which were 86.7, 12.5, and 0.5 for X, Y, and Z axes of model I' compared with 84.6, 15.3, and 0.4 for the X, Y, and Z axes of model I. A slight increase in the information extracted by the X axis of model I' is balanced by a corresponding decrease for the second axis. Models V' and V were practically identical in ordination patterns. Their percentage extraction values were 13.4, 13.0, 12.2 and 13.2, 13.1, 10.9, respectively.
After changes in the ratio of bell-shaped to Sshaped curves, distance-interval curves and ordinations are much the same as before. Changes in the overlap of species along gradients appear to be chiefly responsible for differences in ordination.
Concluding statement. -All these experiments have been conducted with the same basic number of species (21). Yet, the number of species in natural data varies with floral richness and the range of the compositional spectrum covered by a study. We may inquire if the ordination patterns described here can be expected where the number of species in the models is considerably different from that adopted. Expense and time preclude a detailed treatment of this question. To obtain some information about it, the same ordination procedure was applied to four linear models hax7-ing the same species curves (Fig. 1A) as models I to IV" but with five species only in each data set. For convenience, nine stands were used to sample each gradient in this preliminary trial. A model for species curve V could not be sampled with this number of stands and species because sufficient species had been removed from the gradient that the remaining curves did not overlap. Conse-(juentlv some stands contained no species at all. The percentage of X-axis extractions for the new models I through IV were: 84.9, 76.9, 59.7, and 31.5 respectively, while the corresponding total (three axes) extractions for these models were: 100. 99, 97, and 80 respectively. These results are closely similar to those for corresponding models with 41 stands and 21 species. Decreasing the overlap of species populations along a gradient seems to have the same effect on the extraction of matrix information by ordination, when there are few species in the data.
From these results the following conclusions can be made. As the data of a study are drawn from a progressively wider vegetational and environmental range, the illustration of speciesgradient relations by ordination is obscured. This loss of efficacy is not due to a shift in the ratio of bell-shaped to S-shaped curves. In part, it may be due to a change in the range of overlap of species populations across the original gradient and associated changes in the zero-value complement of the data. The next section searches for ways to improve the representation of ecological relationships by calculated distances between stands.
MODIFYING ECOLOGICAL DISTANCES BY ADJUSTMENTS FOR SPECIES ABSENCE
Order in species population patterns might be regarded as a product of a feedback dialogue, continuous in time and space, between the genetics of the population and the nature of the external influences impinging on the species. This feedback relationship is presumably as active where a species is not quantitatively recorded as where it is. Thus, where a species does not occur, its absence may be a matter of chance only, the habitat being favorable for its occurrence. Alternatively, site conditions may be entirely unfavorable for the occurrence of the species. Since each unrecorded species is equally absent in the data, the zeros hide this part of the dialogue between species and habitat (Lambert and Dale 1964) .
If appropriate adjustments can be made for the zeros in the data of models I through V, ordination patterns might correspond more closely with those of the models. In fact, the need for adjustment probably increases from models I through V since progressively more zeros are contained in the data through this sequence of models. The influence of zero values on ordination might be indicated by differences in ordination patterns derived from adjusted and unaltered data.
With these arguments as a conceptual framework, a simple method of adjusting data for species absence is described. The effect of the adjustments on distance calculation and ordination is then evaluated on models I to V.
Methods
A simple set of data helps to describe the method (Table 2) . A sequence of five stands (1-5) samples a linear gradient along which five species (V to Z) peak at equidistant intervals from one end of the gradient to the other. Each species is quantitatively recorded (values between zero and 100) in some but not all of the five stands. The remain- ing values are zeros. The zero-masked response of the species population might be empirically visualized on a quantitative "degree of absence" scale with the lowest degree of absence at zero and progressively greater degrees of absence as the site becomes less suitable. Because species V achieves its peak performance in stand 1 of the gradient and stands 2-5 are ordered at increasing distances along the gradient from this point, the degree of absence for species V in stand 3 is obviously lower than in stand 4 which in turn is lower than for stand 5. Similar observations can be made for the other species. Now, species frequently found together are thought to share similar ecological requirements. Thus, the degree of absence for a species with a zero record in a stand might be assessed through its relations with others in the data set. If an absent species in a stand is usually found with the species complement of that stand in the total data set, then its degree of absence is low for the stand. On the other hand, if the absent species is rarely found with the recorded species complement, its degree of absence is high. To assess degrees of absence in this manner, Dice's (1945) reciprocal association indices are calculated between each and every species as:
Association index B/A -h/a and the reciprocal:
Association index A/B -h/b where a is the number of samples in which species A occurs, b is the number of samples in which species B occurs, and h is the number of samples in which both species A and B occur together. Both indices must be calculated since each species may serve as a reference in a number of stands (see below). The reference species is always the one for which a quantitative value is recorded in a stand, and the species being compared is always the one with a zero value.
By means of Dice's indices a sample calculation can be made from the data in Table 2 . Species X has a zero value in stand 1 and species V and W represent the vegetational character of this stand.
We wish to find the association of species X with both V and XV in all stands. According to Dice's index values, species X occurs in 50% of the stands containing species V and in 67% of the stands containing species W. The average Dice's index value of species X with V and \V is 59% among all stands. This value can be used to represent the degree of absence for species X in stand 1. Theoretically, it falls on a scale ranging from 100, where the species in the comparison are always associated (no degree of absence), to zero (the highest degree of absence possible on this scale). The scale has a maximum possible value equivalent to the lowest possible quantitative value recorded in the data. Hence, 100 is added to the scores for species V and NV in stand 1 so that they fall on a scale commencing at the uppermost limit of the derived scale. Now the average Dice's index value of species X with V and \'V is inserted in place of the zero for species X in this stand.
Likewise species Y has a zero in stand 1. It has an average association of 17%o with species V and W, and this number is inserted in place of the zero for species Y in the stand. Species Z also has a zero in stand 1 but is not associated with either V or NV in the data. Its degree of absence is clearly much higher than for species X or Y. This too can be represented numerically. Species Z is associated with X and Y which are now quantitatively represented in stand 1. Its average Dice's index value with these two species is 50%. This value replaces the zero for species Z and all other values in the stand are raised by 100 since the new rating falls on a scale with a maximum value equivalent to the lowest possible quantitative value of the previously derived scale. Likewise, the data in all other stands are completely quantified (Table  3) .
The number of zero-to-100 scales added in this way may vary from stand to stand because all zeros may be replaced by the first comparison (e.g., species X and Y) or further comparisons may be required (e.g., species Z). To permit the direct calculation of distances from species values, the data may have to be adjusted so that the same number of zero-to-100 scales are added to all stand data.
After transformation, values for species V show a decreasing trend across the entire gradient from stand I to stand 5. This contrasts with the untransformed data (Table 2) in which species V has zeros in stands 3, 4, and 5, although the likelihood of finding it continues to decrease across these stands. After transformation, the four remaining species (XV to Z) also have ordered trends across the entire gradient (Table 3) . Calculations were done on a CDC 3600 digital computer. Distance matrices were calculated for each set of transformed data (models I to V) and ordinated as before.
Results
The adjustment for absence is expected to make calculated ecological distances more sensitive to changes in population composition. Thus, the effect of transformation on distance calculation is treated first, followed by an examination of the ordination patterns derived from transformed data.
Distance calculations.-If calculated distances increase in proportion to increasing distance along the gradient, a linear relationship should exist between the two. Distance-interval curves do not have this form for any model (Fig. 5) . A progressive increase in calculated distances parallels an increasing number of gradient intervals for all models, although these distances gradually fall below a straight line as the number of intervals between stands increases. In Fig. 2 and 5 the distance-interval curves for model I are much the same for transformed and untransformed data, and the representation of gradient intervals by calculated distance steadily improves through models II to V after transformation.
Finally, distance-interval curves fall terminally in models II to V (Fig. 5) . As for untransformed data, a brief experiment on models IV and V showed that this was a characteristic of the models used in the tests: a result of fewer species quantitatively recorded towards the ends of a gradient than towards its center.
Ordination.-The improved representation of gradient intervals by distances calculated from transformed data suggests that ordinations of transformed data might provide a clearer pictorial representation of species-gradient relations than direct ordination of the same data. To test this, the matrices of transformed data for all models (I to V) were ordinated and compared with corresponding ordinations of untransformed data. Ordinations for transformed data are illustrated in Fig. 6 .
There is no detectable difference between the ordinations of complete and partial data for model I. Thus, where the data are almost completely quantitative (98%o), the ordination pattern is un- with little stand separation in the third dimension. Thus, in models II to V, adjustments for species absence progressively improve gradient detection as the zero-value complement of the data increases. In all cases, the stand order of the original data is approximated by the X axis. Thus, a stand order that may be undetectable in untransformed data is retrieved for X-axis detection after transformation.
For untransformed data, the per cent extraction value for three axes decreases progressively from 100% for model I to 37% for model V. After transformation, the most information extracted (model I) is 100% as before but the least (model V) is 90%. Thus, through models I to V, the progressively improved representation of model patterns by ordinations of transformed data is paralleled by the fact that much information from the unidimensional model enters each matrix in a form now available for ordination in three or fewer dimensions. Before transformation, this information could only be ordinated in a progressively more complex multidimensional space as the data became increasingly qualitative.
All ordination patterns in Fig. 6 are similar. Distance-interval curves of transformed data for each model were also similar when expressed on the same relative scale. The representation of a linear gradient as a "bowed" pattern is probably due to the effect of bell-shaped curves on distance calculation, since zeros have been removed from the data.
Because of the similarities of distance-interval curves for all transformed data, a single curve can be drawn to illustrate the representation of compositional difference by ecological distance after transformation. The values on this curve each have a corresponding value on the straight line connecting the ends of the curve. By using these in place of the original values linear ordinations of models I and V (simulating the two extremes of variability included in the models) were obtained. However, this matter is not taken further here. The substitution creates specific ordination problems because it makes euclidean distances noneuclidean. In any case, distortion associated with bell-shaped curves might be reduced by the use of species in place of stand ordination, because distances are here calculated between species and not within binomially distributed populations.
DISCUSSION
General comments A clear knowledge of the way ordination represents compositional relations as spatial patterns should aid an appraisal of the ecological meaning of the patterns; this study is an initial assay of the problem.
Although much ecological information may be represented along a single gradient (Dix and Smeins 1967) , natural data are often thought to require a multidimensional display. The implications of this study are probably limited by the simplicity of the models. Nevertheless, the function of ordination on natural data seems to be clarified by its function on simple sets of artificial data.
The tests support the predictions of Whittaker (1967) and Greig-Smith (1964) that the value of factor analysis is increasingly limited as the range of environments and communities represented in the sample set is increased.
For linear models that have a considerable overlap in species populations, the gradient is approximately represented along the ordination X axis. Here, bell-shaped curves are probably responsible for the representation of a linear stand order as a curvilinear pattern, but the distortion is not sufficient to obscure the gradient. Bell-shaped curves are represented by binomial solids in n-dimensional space. Hence, some distortion may be predicted in more complex models. In fact, curvilinear dispositions of samples have been found in natural data. Using phytosociological ordination, Beals and Cottam (1960) obtained a curvilinear relationship between forest plant-species distribution and moisture in the Apostle Islands of Wisconsin.
The failure of ordination to detect the single gradient in models that represent a wide range of composition (little overlap in species populations) was largely attributed to zeros in the data. Prairie and boreal forest stands often contain few species. As a consequence, there is a high percentage of zeros in these data. In such cases, it seems reasonable to predict that ordination is probably of limited value for natural data.
Specific comments on current uses of ordination The occurrence of stands falling close together on an axis, yet separated by considerable ecological distance, has sometimes been used to indicate the need for further axis extraction (Bray and Curtis 1957 , Beals 1960 , Buell et al. 1966 ). This useful idea should be regarded with caution since ecological distances may not increase commensurate with changes in composition. Hence, selected stands for further axes may not represent compositional extremes between which others can be usefully ordered.
In the present study a localization of species occurs in all ordination diagrams since similar stands are adjacent. However, stand order for each abstract (ordination) model is different be- cause compositionally different stands are placed far apart in some models but close together in others. Thus, the localization of species patterns may not mean, as sometimes inferred, that species interrelationships are interpretably illustrated, although localized patterns are, of course, expected when this is so. Recent studies have shown that essentially similar ordinations of natural data are obtained when different importance measures are used (Gimingham et al. 1966 , Bannister 1966 , Goff and Cottam 1967 . However, a readily interpretable presentation of species relations cannot be implied from the consistency of the results alone because bellshaped curves and zero values may distort all ordination patterns compared.
Suggestions for future research Zero values seem to significantly influence ordination patterns. The effects of semi-quantitative data on other forms of matrix construction and ordination should receive attention since they bid fair to obscure the display of vegetational patterns. Theoretical population models seem to offer a useful preliminary method of evaluating ordination procedures. Orloci (1968a) has proposed that a statistical decision might be used to determine whether quantitative or presence/absence data should be used in ordination. An alternative solution to the analysis of heterogeneous data is to classify and then ordinate within segments of the data (GreigSmith 1964) . In this report one further alternative is suggested. It may obviate the need for a decision between quantitative and qualitative data in some cases. All data are used after adjustments for species absence have been made. Based on the associations of species the transformation may retrieve, for ordination, information otherwise masked by the zeros in a set of data. Such a transformation has, in this study, concentrated ecological information into a few ordination axes, and hence simplified the interpretation of species patterns. Practical difficulties are expected in its application to natural data, and alternative methods of zero-value adjustment can probably be found. Nevertheless the subject warrants attention because most data are semi-quantitative in some degree.
